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Abstract

Objectives. The aim of this study was to explore the clinicopathological
characteristics, prognostic factors, recurrence patterns and survival analysis of friple
negative breast cancer patients compared to non-triple negative breast cancer
patients.
Materials and Methods. The cohort included 420 patients who were diagnosed with
breast cancer. The patients were evaluated based on the molecular classification
and grouped into TNBC and non-TNBC. Data was explored using SPSS Version
29.0.0.0. Patient and or characteristics were studied. Univariate and multivariate
Cox Regression was used to analyse prognostic factors. Kaplan Meier method with
the log-rank test was performed to observe DFS and OS.

utcomes. The triple negative subtype was observed in 57(13.6%) patients.
gatients with TNBC had a greater proportion of grade 3 tumors compared to those
with rﬁn-TNBC (43.9% vs. 5.5%, p<.001). In the univariate analysis pathological
type, tumor size, tumor grade, nodal invasion, lymphovascular invasion, perineural
invasion and extra-nodal extension were identified as statistically significant

prognostic factors. The mean time to relapse for TNBC was lower 60.0 (95% Cl,
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37.16 to 82.83)mpared to the non-TNBC group with a mean time to relapse of
72.0 months (95% Cl, 55.81 to 88.18), nevertheless distributions were not
statistically significant X?(1)=1.524, p.217. Mean overall survival was 80.53 months
(95% Cl, 77.75 to 83.32) in non-TNBC compared to TNBC of 80.04 month (95% Cl,
66.76 to 93.33) with a non-staEticaIIy significantly Log rank test X?(1)=1.252, p.263.
Conclusions. Triple negative breast cancer represents a heterogenous molecular
and prognostic group of tumors which needs further clinical trials in order to develop

targeted therapies.
Keywords: breast cancer, triple negative, metastasis, prognostic analysis

Ebbreviations: TNBC, triple negative breast cancer; HR, hormone receptors; ER,
estrogen receptor; PR, progesteron regeptor; HER2, human epidermal growth factor
receptor 2; CNB, core dle biopsy; IBC-NST, invasive breast cancer of no special
type; LN, lymph node; @T lymphovascular invasion; PNI, perineural invasion; ENE,

extra-nodal extension; DFS, disease free survival, OS overall survival.

roduction
Triple negative breast cancer (TNBC) define the absence of expression of ER,
PR and HER2 is considered a heterogenousﬁease at the molecular, pathologic
and clinical level representing for 15% to 20% of breast cancers [1,2]. In order to
better identify molecular-based therapy, cluster analysis, accord' to gene
expressions (GE) profiles, identified and developed four tumour molecular subtypes,
respective basal-like 1(BL1), basal-like 2(BL2), mesenchymal (M) and luminal AR
(LAR) [3-5]. Reviews regarding morphological features revealed higher grade tumors
such as grade 3 IBC-N metaplastic carcinoma, adenoid cistic carcinoma,
elevated mitotic count, geographic necrosis, a pushing border of invasion and a
stromal lymphocytic response [6,7] also BRCA1 mutation beeing more frequently

ociated with this morphology [8].
The aim of this study was to identify the clinicopathological features of this breast

cancer molecular subtype and analyse the prognostic factors in terms of survival.

2
aterial and Methods




A total of 640 patients with the diagnosis of invasive breast cancer wpﬁ registered
in the Department of Surgery of Coltea Clinical Hospital in Bucharest betwe
January 1, 2015 and 31 mber, 2019. The patients who were diagnosed by core
needle biopsy (CNB) and gonfirmed by surgery and pathological examination were
retrospectively analyzed. The study protocol was approved by the Ethics Committee
of the Coltea Clinical Hospital. For the study were eligible 420 patients and included
patients whose 'ﬁmunohistochemical assessment of biomarkers and histopathology
characteristics, in accordance with the classification of tumors developed by the
Worl alth Organisation, were available. The patients were then grouped on the
basis of expression of hormone receptors (HR) and HERZ in triple negative breast
cancer (TNBC) and non-triple negative breast cancer (non-TNBC). TNBC was
defined by the lack.of estrogen receptors (ER), progesteron receptors (PR) and
HER2 expression, confirmed by IHC and fluorescence in situ hybridisation (FISH).

e further collected baseline data included age, menopausal status, tumor stage
;gased on TNM staging of breast cancer developed by the American Jgint
Committee on Cancer Staging Manual 8th Edition), pathological type, tumor size and
grade, nodal invasion, lymphovascular invasion (LVI), perineural invasion (PNI),
extra-nodal invasion (ENE)(defined as extracapsular extension of nodal metastasis)
and recurrence. :

Preoperative systemic therapy and systemic adjuvant treatment were administered
based on on the recommendations of the National Comprehensive Cancer Network
Guidelines for Breast Cancer. Neoadjuvant therapy was given to 191(45.5%) out of
420 cases before surgery. Anumber of 340(81%) patients underwent Madden
modified radical mastectomy (MRM), 62(14.8%) breast-conserving surgery (BCS)
and 17(4.1%) toilet mastectomy. The final follow-up of all patients was completed in
May 2022. Disease-free survival ;EFS) was defined as the period from the first day
after surgery to first locoregional recurrence or distant metastasis. Overall survival
(OS) was defined as the period from the first day after surgery to death from breast
cancer. The patients who did not experience any event or were lost to follow-up were
censored for survival analysis. o
To analyse the collected,data was used statistical software IBM SPSS Statistics,
Version 29.0.0.0 (241). Categorical variables were analyzed using Chi-square teﬁ or
Fischer's exact test with Post hoc analysis with a Bonferroni correction. Baseline non-

categorical variables were analysed using t-test or Mann-Whitney test after testing for




normality. For es §P<0.05, estimates were considered statistically significant.
Univariate and muItivariateﬁ)x Regression analysis was performed to investigate
factors affecting survival. Survival plots were generated with the Kaplan-Meier

method. Log rank test was used to compare survival between groups.

tcomes
%Iﬁent and tumor characteristics. Out of a total of 420 patients eligible for the study,
57(13.6%) cases were TNBC and 363(86.4%) non-TNBC. Observed frequencies and
percentages for each cancer type are presgnted in Table I. Germline BRCA1 mutation
was encountered in 3/57 cases of TNBC. The patiggts in the TNBC group accounted
for 13.6% and 86.4% in the non-TNB gropup. The included patients were followed up
for 1-96 months. The mean age at diagnosis for TNBC patients was lower (57,14 +
12.62) than non-TNBC patients (60.53 + 11.46), mean + standard deviation. Median
age for TNBC (59) and non-TNBC (62) was not statistically significantly different,
U=11769, z=1.661, p=.097. The number of patients prior to menopause in the TNBC
group accounted for 28.1%(16) and for 19.6%(71) in the non-TNBC. The two
multinominal probability distributions for clinical TNM stage and pathological type were
equal between groups, X? (2) =0.926, p=.629 respectively Fischer's exact test p=.083.
The most frequent encountered ICB-NST (84.2% TNBC vs. 84% non-TNBC) followed
by lobular (7% vs. 11.6%) and metaplastic (5.3% vs. 0.8%) types. The distribution
regarding tumor size in cm was not equal in the sample, X2(2) = 7.657, p=.022. The
chi-square test of homogeneity for tumor size showed that probability distributions
were not equal in the groups X?(2) =6.181, p=.045. Post hoc analysis with a Bonferroni
correction which a accepted statistical significance at p<.0166, resulted that all
pairwise comparisons were not statistically significant. Tumor grade distributions were
not equal, X?(2) = 79.441, p=<,001. Statistical significance after Bonferroni correction
was accepted at p<.0166. There were statistically significant differences in the
proportion of grade 1 non-TNBC than TNBC (n=112, 30.9% versus n=4, 7%), as well
as the proportion of grade 3 TNBC than non-TNBC (n=25, 43.9% versus n=20, 5.5%),
p<.0166. There was no statistically significant differences in the proportions of grade
2 tumors TNBC than non-TNBC (n=28, 49.1% versus 231, 63.6%), p>.0166. A non-

statistically significant difference in proportion between groups was also observed by




analysing nodal invasion, %"Iph scular invasion (LVI), perineural invasion (PNI)

and extra-nodal invasion (ENE), (Table I).

Table I. Clinicopathological characteristics of the patients breast cancer patients and

comparison between tumor subgroups.

Subgroup, n(%)

Total TNBC, Non-TNBC,
Characteristics (n=420) 57(13.6) 363(86.4) P-value
Mean age at diagnosis 57.14 60.53 .097
Menopausal status (%) .140
Prior to menopause 87 16(28.1) 71(19.6)
Following menopause 333 41(71.9) 292(80.4)
Clinical TNM stage .629
[ 47 5(8.8) 42(11.6)
Il 218 28(49.1) 190(52.3)
-1V 155 24(42.1) 131(36.1)
g:\thological type .083
Invasive ductal carcinoma 353 48(84.2) 305(84.0)
Invasive lobular carcinoma 46 4(7.0) 42(11.6)
Metaplastic 6 3(5.3) 3(0.8)
Other 15 2(3.5) 13(3.6)
Tumor size (cm) .045* NS
<2 147 24(42.1) 123(33.9)
2-5. 228 23(40.4) 205(56.5)
>5 45 10(17.5) 35(9.6)
Tumor grade <.001
| 116 4(7) 112(30.9)
I 259 28(49.1) 231(63.6)
I 45 25(43.9) 20(5.5)
Nodal invasion .668
Positive 254 33(57.9) 221(60.9%)
Negative 166 24(42.1) 142(39.1)
Invaded lymph nodes 581
0 164 23(40.4) 141(38.8)
1-3 153 24(42.1) 129(35.5)
4-9 55 5(8.8) 50(13.8)




>10 48 5(8.8) 43(11.8)
Lymphovascular invasion .627
Positive 76 9(15.8) 67(18.5)
Negative 344 48(84.2) 296(81.5)
Perineural invasion 110
Positive 110 10(17.5) 100(27.5)
Negative 310 47(82.5) 263(72.5)
Extra-nodal extension .976
Positive 154 21(36.8) 133(36.6)
Negative 266 36(63.2) 23@EH3.4)

*Bonferroni correction; NS, not statistically significant; TNBC, triple negative breast
cancer

Recurrence. Within a mean follow-up period of 19.34 months (1-96 onths}, a DFS
was observed in 314(74.8%) cases, whereas 106(25.2%) developed local recurrence
or distant metastasis. There were no statistically significant differences in the
proportion of non-TNBC that registered recurrence than TNBC (n=86, 23.7% versus
n=20, 35.1%), or in the proportion of non-TNBC that had no recurrence than TNBC
(n=277, 76.3% versus n=37, 64.9%) p.066. In the TNBC group 20 patients (35.1%)
patients registered an event compared to 86 patients (23.7%) in the non-TNBC group,
a non-statistically significant difference in proportions of .114, p=0.066. For TNBC
group single metastatic site was encounterd in 7(35%) cases and multiple sites in
13(65%) cases whereas non-TNBC group registered 33(38.4%) patients with single
metastatic site and 53(61.6%) with multiple sites, p.779. Frequently observed distant
metastatic sites were the bone (29.3%), lung (24.5%), liver (17.8%), mediastinal lymph
nodes (13.5%) and brain (7.2%), p.211. Associated data are presented in Table Il.
Mean DFS in the TNBC versus non-TNBC was 25.07 versus 21.88 months (U = 9201,
z=-1.345, p = .179) and mean OS was 32.37 versus 26.34 months (U = 8806, z = -
1809, p = .070), (Table II). Among the occurred tumor relapses 19 patients died,
5(8.8%) cases in TNBC group as compared to 14 cases (3.9%) in non-TNBC,
[X2%(1)=2.756, p.158].

Table Il. Metastatic status and sites of recurrence.

Subgroup,




Total TNBC Non-TNBC

(n,%) n(%) n(%)
Recurrence or metastasis .066
Yes 106(25.2) 20(35.1)  86(23.7)
No 314(74.8) 37(64.9) 227(76.3)
Metastatic site
Brain 15(7.2) 5(12.8) 10(5.9) 133
Bone 61(29.3) 8(20.5) 53(41.4) .180
Liver 37(17.8)  5(12.8) 32(18.9) .368
Lung 51(24.5) 9(23.1) 42(24.9) .816
Mediastinal lymph
nodes 28(13.5)  8(20.5) 20(11.8) 152
Pleura 4(1.9) 0(0) 4(2.4) 433
Splenic 2(1) 0(0) 2(1.2) .659
Omental/Peritoneal 1(0.5) 0(0) 1(0.6) .812
Ovarian 2(1) 1(0.6) 1(2.6) 341
Locoregional 7(3.4) 3(7.7) 4(2.4) 124

TNBC, triple negative breast cancer.

Survival analysis. Pathological type [X?(3)=27.596, p<.001], recurrence (no vs. yes)
[X?(1)=339.588, p<.001], tumor size [X?(2)=58.668, p<.001], tumor grade
[X2(2)=9.507, p.009], axillary lymph node status [X?(1)=43.160, p<.001], lymph node
metastasis [X?(2)=50.419, p<.001], LVI [X3(1)=40.525, p<.001], PNI [X?(1)=6.317,
p.012], ENE [X?(1)=60.815, p<.001] and recurrence status (positive vs. negative)
[X?(1)=339.588, p<.001] emerged as significant prognostic factors for RFS in
univariate analysis. Comparing the pathological type of the tumors, regression
coefficients for lobular (B=.533, SE=.244, p=.029) and metaplastic type (B=2.088,
SE=.397, p=<.001) were statistically significat positive, whilst the group ,other” was
negatively predictive of the hazard for relapse with a negative coefficient of -11.590
(SE=176.362, p=.948) and showed no replase in the observational period.

Age had a non-statistically significance but a positive regression coefficient of .239
(SE=242, p=.323) [X?(1)=1.025, p.311], which indicated that patients with age above
49 were positive associated with relapse earlier than patients with age <49. A positive
coefficient of .202 (SE=234, p=.388) [X?(1)=.776, p.378] for patients after menopause
indicated a positive assosiation with relapse. TNBC was not significat different
compared to non-TNBC in terms of RFS but a positive regression coefficient of .304




(SE=249, p=.222) [X?(1)=1.397, p.237] indicated a positive relationship to recurrence,
(Table III).

In the univariate analysis for OS, significant prognostic factors were pathological type
[X2(3)=10.671, p.014] (metaplastic type B=2.671, SE=.657, p<.001, lobular type
B=.336, SE=.642, p.600), tumor size [X?12)=7.915, p=.019] (5 cm, B=1.903,
SE=.708, p=.007), positivity vs. negativity of invaded lymph nodes [X?(1)=7.038,
p.008] (positive nodes, B=1.626, SE=.749, p<.030), pathological nodal stage
[X?(2)=14.355, p<.001], LVI [X3(1)=13.056, p<.001], ENE [X?(1)=20.286, p<.001] and
recurrence status [X?(1)=39.618, p<.001]. Predictive positive regression coefficients
with a non-statistically significance as age >49 [X?(1)=.024, p.876] (B=0.087,
SE=.563, p.877), TNBC compared to non-TNBC [X?(1)=1.103, p.294] (B=575,
SE=.522, p.270) and positive PNI [X2(1)=1.215, p.270] (B=.572, SE=.499, p.252)
indicated nevertheless a positive relationship between the covariates and the hazard
for the terminal event. Group following menopause had a negative coefficient of -.082
(SE=.522, p.875) [X?(1)=.025, p.876] in relationship with the hazard, assessing
menopause as protective factor to event in the OS analysis and predicted paﬁﬂs

(

prior to menopause to suffer an event earlier than those following menopause, (Table

).

Table Ill. Univariate analysis of factors related to gsease free survival and overall

survival.
Disease free survival Overall survival
P- P-
Characteristics HR 95% ClI value HR 95% ClI value
e (249 vs. >49) 1.270 0.790 - 2.042 323 1.091 0.362 - 3.292 877

Menopausal status

mior to vs. after) 1.224 0.774 - 1.937 .388 0.921 0.331-2.562 875
Tumor subgroups

(TNBC vs. non-

TNBC) 1.355 0.832 - 2.207 222 1.778 0.639 - 4.944 .270
Pathological type

NST vs. Lobular 1.704 1.056 - 2.751 .029 1.400 0.398 - 4.922 .600
NST vs. Metaplastic 8.069 3.703-17.582 <.001 14,456 3.990 - 52.382 <.001
QT vs. Other 0.000 0.000 - 1.220 .948 0.000 0.000 .980
Tumor size

<2 vs. 3-5cm 2.369 1.386 - 4.049 .002 1.908 0.524 - 6.944 327




Tumor Grade

Axillary LN status

Lymph node metastasis

Metastatic site
ingle vs. multiple) 0.888 0.610 - 1.293 .535 3.850 0.884 - 16.761

s2vs. Ecm 9.110 5.077 - 16.349 <.001 6.706 1.675-26.844 .007

lvs. Il 1.636 1.006 - 2.660 .047 3.258 0.738-14.372 119
lvs. Il 2.616 1.416 - 4.831 .002 3.193 0.533-19.119 .204

(negative vs. positive) 4.691 2.718 -8.097 <.001 5.082 1.172-22.047 .030

<3 vs. 4-9 2.904 1.834 - 4.600 <.001 4.043 1.231-13.283 .021
<3 vs. 210 5.078 3.242 - 7.953 <.001 7.244 2512 -20.887 <.001
LVI

(negative vs. positive) 3.790 2.583 - 5.563 <.001 5.767 2.308 -14.407 <.001
PNI

(negative vs. positive) 1.678 1.135-2.480 .009 1.771 0.666 -4.711  .252
ENE

(negative vs. positive) 4.563 3.063 - 6.798 <.001 10.281 2.995-35.298 <.001
Recurrence

(no vs. yes) 427.640 59.69 -3063.55 <.001 15.395 2.581-9183.06 .016

.072

ﬁBC, triple negative breast cancer; LN, lymph node; LVI, lymphovascular invasion;

|, perineural invasion; ENE, extra-nodal extension.

ignificant prognostic factors in univariate analysis were included in the multifactor
@x proportional hazard regression model (Tabel IV). The result of the test sugessted
that the model for DFS was statistically significant [X?(8)=111.454, p<.001].
Pathological type, tumor size, tumor grade, nodal stage, LVI and ENE were
independent prognostic factors for recurrence with statistical significance. Multivariate
analysis regarding OS was also statistically significant, [X?(7)=30.091, p<.001],
however ENE was the only statistically significat independent prognostic factor.
Table IV. Multivariate analysis of factors related to disease free survival and overall
survival.

Disease free survival Overall survival
p-
Characteristics HR 95% ClI value HR 95% CI

value

Pathological type
(NST vs. others) 1.690 1.082-2.639 .021 1.416 0.513 - 3.907

.502




?mor size
(52 vs. >2 cm) 1.976 1.135-3.441 .016 1.249 0.309 - 5.051 .755
Tumor Grade
(I-11'vs. 1) 1.633 1.002 -2.659 .049 1.324 0.368-4.760 .668
Axillary NS status
(negative vs. positive) 1.462 0.741-2.882 .273 0.503 0.065-3.916 .512
Lymph node
metastasis
<3vs.24 1.774 1154 -2.729 .009 2515 0.781-8.101 .122
LVI
(negative vs. positive) 1.943 1.237-3.052 .004 2444 0.844-7.075 .099
PNI
(negative vs. positive) 0.817 0.524 -1.272 .371 not included
ENE

EfRegative vs. positive) 2.750 1.686 -4.486 <.001 7.307 1.453-36.756 .016

TNBC, triple negative breast cancer; LN, lymph node; LVI, lymphovascular invasion;
PNI, perineural invasion; ENE, extra-nodal extension.

qwe Kaplan-Meier survival curves are shown in Fig.1. Patients in the non-TNBC group
had a mean time to relapse of 72.0 (95% CI, 55.81 to 88.18) months. This was longer
than the INBC group, with a mean time to relapse of 60.0 (95% CI, 37.16 to 82.83)
months. ﬁ:le percentage of censored cases present in the non-TNBC (76.6%) and
TNBC (64.9%) groups was similar. A log rank test was run to determine if there were
differences in the relapse distributions for the different types of BC. The relapse
distributions for the two groups were not statistically Slf icantly different,

X?(1)=1.524, p.217. Regarding OS, patients in the non-TNBC had a mean time to
event of 80.53 months (95% ClI, 77.75 to 83.32), identical to mean time to event of
TNBC of 80.04 month (95% CI, 66.76 to 93.33). Log rank test had no statistically
significantly different survival distributions, X?(1)=1.252, p.263.

Figure 1a. Kaplan-Meier curve for disease free survival.
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Discussion

In many studies TNBC is associated with younger age [9-11]. Many studies have

demonstrated that premenopausal AfricansAmerican females were more prone to

develop TNBC [12-14]. The current study demonstrated that age and menopausal




status did not significantly affect the incidence in our groups, mean age was 57.14
(95% CI 53.7 to 60.49) and only 28.1% patients were prior to menopause.

Triple negative breast cancer had demonstrated an agressive nature [15]. Clinical
trials reported larger tumor size, high-grade tumors and advanced nodal stage [16].
Kendal et al reported an average tumor size of 2 cm [17]. TNBC are described as
most often high grade invasive ductal carcinomas, although there are some rare
histological subtypes such as adenoid cystic carcinoma of the breast that is
associated with an excellent prognosis [18]. In our study 42.1% had tumor size
<2cm, presented higher tumor grade, respectively grade Il (49.1% and grade Il
(43.9), 57.9% were positive for nodal invasion and 42.1% had between 1 and 3
invaded nodes. Lobular type (7%) and metaplastic type (5.3%) were the most often
patological Eoe encountered after IBC-NST (84.2%) in TNBC.

In literature TNBC is commonly associated with increased risk of visceral metastasis
including lung, liver and brain as compared to bone metastases [19,20]. In our group
brain metastasis had only 7.2%, most frequent site was bone (29.3%) followed by
lung (24.5%) apd liver (17.8%).

Results in the univariate Cox regression analysis have exhibited that tumor type,
tumocsize, tumor grade, lymph node metastasis, LVI, PNI and extra-nodal extension
were prognostic indicators for DFS and OS. These findings are in agreement with
other studies showing that advanced clinical stage, larger tumor size, angiolymphatic
invasion and positive nodal involvement were related to increased recurrence and
reduction in OS [21-24]. Keiko et al reported that PNI-posive patients had short
distant metastases-free survival, that the disease free survival status was
significantly correlated with large pathological tumor size, lymph node metastases
and lymphatic invasion and that according to the multivariate analysis, BNI was an
independent factor of poor prognostic [25,26]. In the current study PNI positive status
had a statistically significant coefficient for DFS and a positve non-significant
coefficient for OS. Extracapsular extension of nodal metastases is a frequent
histologic finding that was prognostically significant in previous many reports [27,28].
In the multivariante analysis extra-nodal extension was strongly related with a poor
prognostic both DFS and OS. Studies in Iiteratureﬁave reported TNBC as an
independent prognostic factor and controversaly, some studies have not shown
TNBC as a poor prognostic factor [9,11,30-32]. In our study although showed a non-




statistically significance, TNBC showed a lower time to relapse compared to non-
TNBC.

clusion
This study has limitations regarding the sample size, further the patients who had
not molecular diagnostic available were excluded, the mean follow-up is also less
and futher the percentage of loss to follow-up is high. Nevertheless TNBC subtypes
have demonstrated a large homogeneity in terms of tumor developement and distinct
prognoses as a consequence development of targeted therapies of the distinct
molecular profiles is required.
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